Forty-eight human isolates of Yersinia enterocolitica of biotype 4, serotype 0 3 from various parts of the world were examined for susceptibility to 13 p-lactam agents. The intracellular P-lactamases of each of the 48 strains were examined. Isolates from Europe, Asia and Brazil (phage type VIII) or South Africa and Hungary (phage type IXa) produced both enzyme A and enzyme B, whereas isolates from New Zealand and Australia (phage type IXb) lacked the cephalosporinase enzyme B. Among the seven strains isolated in Canada belonging to phage type IXb, three strains expressed only enzyme A (group I) whereas the other four strains produced both enzymes A and B (group 11). The high susceptibility to the combination of amoxycillin and clavulanate observed in one subtype was explained by the absence of the cephalosporinase enzyme B. A simple disk diffusion test with this antibiotic combination was shown to be effective in the detection of enzyme B in Y . enterocolitica 4/03.
Introduction
Yersinia enterocolitica biotype 4, serotype 0 3 (4/03) has been reported worldwide as the predominant virulent bioserotype isolated from clinical specimens.1-6 In a previous study of 100 clinical isolates of Y. enterocolitica from Australia, all 64 Y. enterocolitica strains of biotype 4 were found to be highly susceptible to the combination of amoxycillin and clavulanate, unlike the isolates of biotypes 1A and 3.7 Furthermore, whilst Y. enterocolitica 4/03 isolates from Europe were reported to produce two p-lactamases, enzymes A and B,*s9 all 64 Y. enterocolitica 4/03 isolates from Australia were found to express only the broad spectrum p-lactamase enzyme A and lacked the cephalosporinase enzyme B.l0
In the present study, the susceptibility to 13 Plactam agents of 48 strains of Y. enterocolitica 4/03 selected at random from isolates collected in various parts of the world, including Australia, was compared. Iso-electric focusing was also performed on crude enzyme preparations of each of the 48 strains and a simple agar disk diffusion test designed for the detection of enzyme B in Y. enterocolitica 4/03 was also evaluated. Y. enterocolitica 4/03 isolates from 7 Correspondence should be sent to Dr S. M. Bell. Australia were shown previously to produce only one type of p-lactamase, enzyme A.l0 However, as these strains were not included in the studies of Brenner et al.11.12 in which DNA relatedness was used to characterise Y. enterocolitica sensu stricto, a DNA homology study was performed to establish homology between Australian and European isolates of Y. enterocolitica 4/03.
Materials and methods

Bacterial strains and culture conditions
Forty-eight clinical isolates of Y. enterocolitica 4/03 selected at random from those collected in various parts of the world were examined. Biotyping was performed as described previously7 and each strain, with the exception of four atypical isolates from Japan, was serotyped and phage typed at the Yersinia WHO Collaborating Centre, Institut Pasteur, Paris (table I) . All cultures were incubated at 28°C in air throughout this study.
Antibiotics and chemicals
Amoxycillin, carbenicillin, clavulanic acid and ticarcillin (Beecham Research Labor at ories), azt reonam (Squibb), cefoxitin and imipenem (Merck, Sharp and Dohme), ceftazidime (Glaxo) cefotaxime (Roussel), cefotetan (Lederle) and ceftriaxone (Roche) were kindly supplied by the manufacturers or the agents. Ampicillin was purchased from Commonwealth Serum Laboratories, and nitrocefin (BR 63) and Augmentin@ 3-pg disks from Oxoid. All working solutions were prepared freshly before use.
D N A hybridisat ion
DNA hybridisation was performed on three clinical isolates of Y. enterocolitica 4/03--IP 2 198 1 (4/03/ VIII) isolated in France, IP22273 and IP 22274 (4/03/IXb) isolated in Australia-and also on the reference strain of Y. mollaretii IP 7263, formerly Y. enterocolitica biotype 3A. 13 The latter strain was used as a control of a different species of Yersinia. The reference strain of Y. enterocolitica IP 134 (4/03/VIII) was used as a source of labelled DNA according to the method described by Popoff and Coynault.14
Determination of' MIC
The minimum inhibitory concentration (MIC) of 13 P-lactam agents was determined for all 48 isolates of Y. enterocolitica by an agar dilution technique as described previously.'
Determination of suscepribility by disk diffusion method
A disk diffusion test with an Augmentin8 3-pg (AMC 3) disk containing 2 p g amoxycillin and 1 pg clavulanic acid was performed on all 48 isolates according to the CDS method'' as described previously." The annular-radius of the zone of inhibition recorded with each strain was obtained by measuring the distance between the sharp edge of the confluent growth and the edge of the antibiotic disk. The mean of the results of three independent disk diffusion tests recorded with each strain was plotted against the MIC of amoxycillin in the presence of clavulanic acid 2 rng/L.
Assay of P-lactanlase activity
A crude enzyme extract of uninduced cultures of each of the 48 isolates of Y. enterocolitica was prepared and assayed for P-lactamase activity. In addition, each of the 48 isolates was induced with imipenem and the P-lactamase activity of induced cultures was assayed as described previously.''
Iso-electric focusing of P-lactamases
Iso-electric focusing on Ampholine PAG plates, pH range 3-5-9-5 (Linbrook International), was performed on each of the enzyme preparations from uninduced cultures and P-lactamase bands were visualised by overlaying the gels with a Whatman filter paper soaked in nitrocefin 1000 mg/L, as described previously." Four PI markers were used: enzyme A with a PI of 8.7 and enzyme B with PIS of 5.3 and 5.7 were from the reference strain of Y. enteroeolitica IP 134 (4/03/VIII) which produced both enzymes A and B, a TEM 8-lactamase from Haemophilus injiienzae with a PI of 5.4, and a chromosomal cephalosporinase with a PI of 7.4 from Enterobacter cloacae ATCC 13047.
Results
Biotyping, serotyping and phage typing
All 48 isolates of Y. enterocolitica 4 / 0 3 showed typical biochemical reactions of biotype 4 described in the revised biogrouping scheme for Y. enterocolitiea.ls However, the four atypical isolates from Japan showed some unusual biochemical reactions. Strains Pa 3 17 1 and Pa 4918 failed to decarboxylate ornithine and strains Pa 1128 and Pa 2839 failed to ferment maltose although they produced a-glucosidase. These atypical strains were proposed by Fukushima et a i " ' ' as belonging to biotypes 4A and 4B, respectively. All 48 isolates were found to belong to serotype 0 3 . Twentyfive isolates belonged to phage type VIII, six to phage type IXa and 17 to phage type IXb.
D N A hybridisation
There was a high degree of homology between the three strains of biotype 4 tested and the reference strain of Y. enterocolitica IP 134 (4/03/VIII) used as the source of labelled DNA. 
Determination of susceptibility by the disk diflusion method
Y. enterocolitica 4/03 strains from Europe, Asia and Brazil (4/03/VIII), South Africa and Hungary (4/03/IXa) and group I1 Canadian 4/03 strains showed either no zone of inhibition ( fig. la) or a zone of inhibition with an annular radius < 3 mm with an Augmentin@ 3-pg disk. All 10 strains isolated in New Zealand and Australia and the three strains of group I Canadian 4/03 gave a zone of inhibition with an annular radius greater than the 6-mm cut-off value for the method with zone sizes ranging from 6.8 to 7.5 mm with an Augmentin@ 3-pg disk ( fig. lb) . A definite bimodal distribution was obtained when measurements of the annular radius of the zones of inhibition 
P-Lac t amuse act it. ity
All 48 strains of Y . enterocolitica were found to produce P-lactamase when nitrocefin was used as substrate to test the crude enzyme extracts. The Plactamase activity of uninduced cultures of the 10 New Zealand and Australian isolates and the three Canadian isolates of group I ranged from 0-07 to 0.10 pmol nitrocefin hydrolysed/min/mg of protein. The activity of the remaining 35 isolates ranged from 0.1 1 to 0.37 pmol nitrocefin hydrolysed/min/mg of protein. After exposure to imipenem, p-lactamase activity of the first group was unaltered whereas the activity of the second group was enhanced and ranged from 0.46 to 6.93 pmol nitrocefin hydrolysed/min/mg of protein.
Iso-electric focusing
Ten strains from New Zealand and Australia and three strains of group I Canadian 4 / 0 3 gave a single band of P-lactamase with a PI of 8.7 corresponding to enzyme A. Enzyme preparations of strains from Europe, Asia and Brazil (4/03/VIII), Hungary and South Africa (4/03/IXa) and of group I1 Canadian 4 / 0 3 strains gave two groups ofp-tactarnase bands-a single band with a PI of 8.7 corresponding to enzyme A and a double band with PIS of 5.3 and 5-7 corresponding to enzyme B, described by Cornelis and Abraham.8 Table I1 shows the cumulative results of the type of p-lactamase produced by strains within each group.
Discussion
All 48 strains of Y . enterocolitica 4 / 0 3 were found to be uniformly susceptible to the six newer p-lactam agents-aztreonam, ceftazidime, cefotaxime, cefotetan, ceftriaxone, imipenem and to the combination ticarcillin and clavulanate. These results agreed with findings reported in studies conducted in Europe on in-vitro susceptibilities to p-lactam antibiotics of' c h ical isolates of Y . enterocolitica.20.21 All of the 10 New Zealand and Australian isolates and the three Canadian isolates of group I were resistant to ainoxycillin but were susceptible to amoxycillin plus clavulanate and cefoxitin. On iso-electric focusing, each isolate gave a single P-lactamase band with a PI of 8-7 and none showed any increase in P-lactamase activity in the presence of imipenem. In previous studies. it was established that all of these characteristics correlated with the production of the non-inducible broad spectrum P-lactamase enzyme A.'.
'' The remaining 35
isolates had a similar level of resistance to amoxycillin as the other 13 isolates, were resistant to amoxycillin plus clavulanate and cefoxitin and gave two groups of #?-lactamases with PIS of 5.3-5.7 and 8.7. The plactamase activity of each isolate of this group was enhanced when imipenem was used as inducer. It was also shown previously that these characteristics were unique to those strains possessing both the broad spectrum enzyme A and the cephalosporinase enzyme B of Cornelis and Abraham.' In DNA hybridisation with probes prepared from strain IP 134, a reference strain of Y. enterocolitica 4/03, the high degree of DNA homology of 92.9% and 100°/~ obtained with the two Australian 4 / 0 3 strains confirmed that Y . enterocolitica 4 / 0 3 isolates from Australia belong to the species Y. enterocolitica, even though they produce only enzyme A and lacked enzyme B. Furthermore, three of seven strains of Y. enterocolitica 4 / 0 3 isolated in Canada and all five strains isolated in New Zealand were also found in the present study to lack enzyme B and were, therefore, identical to Australian 4 / 0 3 strains in the expression of /?-lactamase.
Phage-typing results performed in the present study on the 48 strains of Y. enterocolitica 4 / 0 3 isolated in various parts of the world revealed that phage type VIII was the most common phage type of Y. enterocolitica 4 / 0 3 worldwide. Strains from Asia., South America and Europe, with the exception of Hungary, belonged to phage type VIII. All three strains of Y . enterocolitica 4/03 from Hungary were found to belong to phage type IXa, the "South African phage type". The observation that a11 10 strains of Y. enterocolitica 4 / 0 3 isolated in New Zealand and Australia belonged to the less common phage type IXb, the " Canadian phage type ", was of great interest. The information that these two neighbouring countries shared the same phage type once more Confirmed that the phage type in Y. enterocolitica is an indicator of the geographic origin as first described in 1976 by Nicole et aLZ2
Strains of phage types VIII and IXa isolated in different parts of the world appeared to be uniform in the expression of /?-lactamase which resulted in their similar patterns of susceptibility to /?-lactam antibiotics. In the present study, all 25 strains of4/03/VIII, including the four biochemically atypical strains isolated in Japan (4*/03/VIII), and all six strains 4/03/IXa were found to produce both enzymes A and B on iso-electric focusing. This finding confirmed earlier observations by Matthew et al. 23 on the production of two types of p-lactamases by Y. enterocolitica 4/03 strains isolated in Europe. Y. enterocolitica 4/03/IXb isolates in Canada, Australia and New Zealand, unlike strains of phage type VIII and IXa, produced either both enzymes A and B or enzyme A alone. All 10 strains of 4/03/IXb from Australia and New Zealand were found to lack enzyme B whereas only three of seven strains from Canada lacked this enzyme.
The CDS agar disk diffusion susceptibility test with an Augmentin@ 3-pg disk was found to be a simple yet very reliable method for detecting the presence of enzyme B in Y. enterocolitica 4/03. Strains expressing the cephalosporinase enzyme B were found to show a zone of inhibition with an annular radius < 3 mm. The presence of clavulanate in the disk not only failed to inhibit enzyme B but acted as an inducer of cephalosporinase, conferring resistance to the antibiotic combination. Such strains were easily distinguished from strains which, due to the absence of enzyme B, showed a zone of inhibition with an annular radius 3 6 mm. This simple enzyme B detection test would be most useful in the differentiation between group I and group I1 Y. enterocolitica 4/03 isolates from Canada, a country where the differentiation would be valuable both epidemiologically and clinically, given the high susceptibility of group I strains to cefoxitin and amoxycillin plus clavulanate. Furthermore, the test would enable the screening of a large number of isolates of the three phage types VIII, IXa and IXb from different countries confirming the distribution of the two p-lactamases that was observed with the relatively small sample of isolates examined in the present study.
